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Abstract 


This  paper  analyzes  the  relationship  between  tax  heterogeneity  and  the  behavior  of  stock  prices 
and  volume  around  the  ex-dividend  day  within  an  equilibrium  framework.  We  conclude  that,  even  in  a 
world  without  transaction  costs,  the  price  drop  on  the  ex-day  need  not  be  equal  to  the  dividend 
amount.  The  model  allows  us  to  account  for  higher  market  trading  volume  around  the  ex-day.  The 
market  trading  volume  is  shown  to  be  a  positive  function  of  tax  heterogeneity  among  traders.  We 
show  that  the  volume  of  trade  around  the  ex-day  contains  information  about  investors'  tax  preferences 
above  and  beyond  the  information  contained  in  the  ex-day  price  alone.  Consistent  with  the  model's 
predictions,  our  empirical  analysis  reveals  that  as  the  risk  associated  with  the  ex-dividend  day 
increases,  or  tax  heterogeneity  decreases,  trading  volume  decreases. 


I.         Introduction 

This  paper  analyzes  the  determination  of  stock  prices  and  trading  volume  around  the  ex-day  in 
an  equilibrium  framework.  We  present  a  model  in  which  all  types  of  traders,  including  arbitrageurs, 
play  a  role  in  determining  the  equilibrium  prices.  The  model  shows  that  an  ex-day  equilibrium  price 
exists,  and  that  this  price  is  a  function  of  several  factors:  aggregate  risk  tolerance,  risk  of  the 
individual  stock  around  the  ex-day,  and  the  relative  imponance  of  trading  groups  that  differ  in  terms  of 
the  tax  treatment  of  their  capital  gains  and  dividend  income.  Within  our  model  we  can  explain  why  the 
average  premium  may  not  be  equal  to  one  (the  marginal  rate  of  substitution  between  dividend  and 
capital  gains  income  for  the  short  term  traders)  as  documented  in  various  empirical  studies.  ^  The 
model  also  implies  higher  trading  volume  around  the  ex-dividend  day,  and  allows  us  to  analyze  the 
determinants  of  the  equilibrium  trading  volume,  namely  tax  heterogeneity  and  risk.  Indeed,  section  V 
of  the  paper  presents  some  empirical  results  that  are  consistent  with  the  model's  predictions.  We  first 
show  that  as  the  risk  associated  with  the  ex-dividend  day  increases  (keeping  the  dividend  yield 
constant),  the  abnormal  volume  of  trade  significantiy  decreases.  Using  the  period  around  the  1986 
TRA,  we  are  also  able  to  show  that  a  change  in  the  degree  of  tax  heterogeneity  affects  both  prices  and 
volume  around  the  ex-dividend  day. 

Our  analysis  shows  that  unless  a  perfect  tax  clientele  exists,  it  is  not  possible  to  infer  tax  rates 
from  price  alone.  [By  a  perfect  tax  clientele  we  mean  that  each  tax  group  hold  different  securities,  and 
all  trading  is  intra-group  trading.  See  Miller  and  Modigliani  (1961)  and  Elton  and  Gruber  (1970)]. 
However,  the  cross- sectional  distribution  of  tax  rates  can  be  inferred  by  using  both  price  and  volume 
data.  This  point  can  be  illustrated  using  the  following  stylized  example. 

Assume  that  there  are  three  groups  of  traders  in  the  marketplace  with  a  marginal  rate  of 
substitution  between  dividends  and  capital  gains  income  of  0.75,  1.0,  and  1.25,  respectively.  Assume 
further  that  the  average  price  drop  relative  to  the  dividend  amount  is  1.0.  Using  the  standard  analysis, 
we  may  conclude  that  the  second  group  dominates  the  ex-dividend  day  price  determination.  However, 
this  may  not  be  the  case.  For  example,  suppose  that  50%  of  the  traders  are  from  the  first  group,  50% 


'To  name  a  few,  Elton  and  Gruber  (1970);  Kalay  (1982);  Grundy  (1985);  Lakonishok  and  Vermaelen  (1986);  Eades, 
Hess,  and  Kim  (1984,  1992);  Poterba  (1986);  Barclay  (1987);  and  Karpoff  and  Walking  (1990). 
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of  the  traders  are  from  the  third  group,  and  both  have  the  same  effect  on  prices.  This  market 

composition  also  resuhs  in  relative  price  drop  equal  to  the  dividend  amount. ^  The  only  way  to 

distinguish  between  the  two  scenarios  is  by  incorporating  volume  into  the  analysis.  In  the  first  case, 

there  are  no  gains  from  trade;  consequently,  no  excess  volume  will  be  observed  on  the  ex-dividend 

day.  In  the  second  case,  there  are  gains  from  trade,  excess  volume  is  observed,  and  the  particular 

equilibnum  point  is  at  a  relative  price  drop  equal  to  one.  The  model  presented  here  allows  us  to 

distinguish  between  such  cases. 

We  describe  the  behavior  of  stock  prices  around  the  ex-dividend  day  within  a  dynamic 
equilibrium  model  in  which  agents  have  heterogeneous  valuation  of  a  publicly  traded  asset.  While 
two-period  models  like  those  of  Brennan  (1970)  or  Litzenberger  and  Ramaswamy  (1979)  adequately 
describe  the  effect  of  taxes  on  portfolio  holdings  in  a  static  equilibrium,  they  mask  a  qualitative 
difference  between  models  of  financial  markets  with  and  without  taxation,  namely  optimal  tax-induced 
trading.  Constantinides  (1983,  1984)  concludes  that  the  optimal  tax-induced  trading  strategies  differ 
substantially  from  the  "buy  and  hold"  strategies.  As  it  aims  out,  our  analysis  of  tax-induced  trading 
around  the  ex-dividend  day  can  generate  the  phenomena  of  higher  excess  returns,  higher  volume 
around  this  event,  and  trading  strategies  that  differ  from  the  one  generated  by  the  static  models. 

Trading  around  the  ex-dividend  day  is  subject  to  considerable  risk  for  all  traders  and  especially 
for  corporations,  which  must  hold  the  stock  for  more  than  45  days  to  retain  the  70%  dividend 
exclusion.^  Moreover,  according  to  the  IRS  rules,  the  stock  cannot  be  fully  protected  against  adverse 
movements  of  its  price.  All  traders  are  subject  to  the  nontrivial  overnight  risk  involved  in  holding  the 
stock  between  the  cum-  and  the  ex-day."*  Information  about  particular  stocks  and  about  the  economy 


"The  price  range  relative  to  the  dividend  paid  is  equal  to  (0.75  +  1.25)  •  0.5  =  1 .  That  is,  the  price  change  between  the 
cum  and  the  e,x  equals  the  dividend  paid. 

^Before  1984  ihe  required  holding  penod  was  only  15  days;  before  the  1986  Tax  Reform  Act,  85%  of  dividends  held  by 
corporauons  were  excluded  from  taxes.  The  corporation  cannot  count  the  days  the  onginal  stock  in  a  wash  sale  was  held, 
or  any  time  that  a  short  sale  of  substantially  idcniical  securities  is  pending.  This  rule  applies  if  the  taxpayer  has  an 
opuon  to  sell,  a  conuact  to  sell,  or  has  made  a  short  sale  not  yet  closed  by  the  corporation;  if  the  taxpayer  is  the  grantor 
of  an  option  to  buy  substantially  similar  stock  or  other  property;  or  if  the  taxpayer  has  otherwise  diminished  his  nsk  of 
loss  by  holding  positions  as  to  such  property,  IRC  246(c). 

•*To  see  that  the  overnight  risk  is  not  uivial,  consider  a  SlOO  stock  that  pays  a  SI  dividend.  Assuming  an  expected 
premium  of  0.8,  a  short-icrm  trade  would  gain  on  average  20  cents  per  share.  On  the  other  hand,  the  overnight  standard 
deviation  of  the  price  is  SI  (assuming  a  yearly  standard  deviation  of  15.8%). 
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as  a  whole  may  be  released  during  this  period;  for  example,  money  supply,  unemployment,  and  trade 

figures  are  usually  announced  before  the  opening  of  the  exchange.  Foreign  financial  markets,  which 
are  not  synchronized  with  the  U.S.  markets,  have  an  effect  on  the  nontrading  variation  in  prices. 

In  addition  to  fundamental  risk,  ex-dividend  day  trading  may  itself  generate  some  additional 
risk.  In  section  VI,  we  show  that  if  the  distribution  of  tax  rates,  preferences,  and  endowments  is  not 
publicly  known,  then  there  will  be  an  additional  risk  component  which  we  refer  to  as  "financial  risk". 
As  a  result,  the  ex-dividend  day  risk  premium  may  be  higher  than  on  regular  days.  The  current 
analysis  provides  a  framework  for  future  empirical  research  in  which  such  risk  can  be  estimated,  and 
its  effects  on  ex-day  prices  and  volume  examined. 

The  remainder  of  the  paper  is  organized  as  follows.  The  model  is  presented  in  section  n.  The 
effects  of  tax-related  trading  on  the  volume  of  trade  and  on  the  behavior  of  the  price  on  the  cum-  and 
ex-days  are  analyzed  in  section  ni.  In  section  FV  we  derive  the  relationship  between  the  price  and 
volume  statistics  and  the  cross-sectional  distribution  of  tax  rates.  Calibration  of  the  model  and  its 
empirical  implications  are  also  discussed  in  this  section.  Section  V  contains  the  empirical  analysis 
concerning  the  effects  of  risk  and  tax  heterogeneity  on  prices  and  volume  around  the  ex-day.  In 
section  VI  we  extend  the  model  to  include  both  fundamental  and  financial  risk.  Section  VTI  concludes. 

II.       The  model 

We  describe  the  determination  of  prices  around  the  ex-dividend  day  in  a  dynamic  equilibrium 
model  with  two  trading  dates  and  one  final  liquidation  period.  Agents  in  the  economy  are  assumed  to 
be  endowed  with  two  types  of  securities,  a  riskless  bond  and  a  risky,  dividend-paying  stock.  These 
assets  are  traded  on  the  cum-  and  the  ex-day,  and  all  profits  and  losses  are  realized  at  liquidation. 

The  price  of  the  risky  asset  at  the  liquidation  day,  L,  is  an  exogenous  random  variable 
Pi.  Pc  and  Pg  denote  the  price  of  the  stock  at  the  cum-dividend  day,  C,  and  the  ex-dividend  day,  E. 
In  addition,  the  stock  pays  a  known  dividend,  D,  at  E.  The  riskless  bond  pays  a  constant  interest  rate, 
r,  which  for  expositional  purposes  we  set  equal  to  zero.^  There  are  N  agents  in  the  economy,  i  =  1, 
. .  .N.  Each  agent  is  initially  endowed  with  xq  shares  of  the  stock  and  bo  bonds.  All  agents  are 


^The  results  with  a  positive  interest  rate  are  available  from  the  authors;  they  are  not  essentially  different  from  those 
presented  in  the  body  of  the  paper.  Using  a  positive  interest  rate  complicates  the  model  significandy,  however. 
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subject  to  proportional  taxes  on  both  dividends  and  capital  gains  income  at  rates  tjj  and  Xg 

respectively.^  In  this  section  we  assume  that  the  distribution  of  tax  rates  and  initial  endowments  are 
common  knowledge,  and  hence  the  only  uncertainty  comes  from  the  fundamental  risk,  P,.  We  shall 
relax  this  miporiant  assumption  in  section  VI.  We  assume  further  that  all  taxes  are  paid  at  L,  and  that 
agents  maximize  the  expectation  of  their  utility,  U'(*),  of  after-tax  wealth  at  liquidation. 

II. A    The  economy 

We  adopt  the  following  additional  notation: 

~  represents  an  exogenous  variable 

(\l,  be)  is  agent's  i  holdings  of  the  risky  and  the  riskless  asset  after  trading  on  the  cum-day 

(x^,  be)  is  agent's  i  holdings  of  the  risky  and  the  riskless  asset  after  ex-day  trading 

Po  is  the  tax  basis  of  agent  i  (i.e.,  the  price  paid  for  xq  ) 

Tg  is  the  tax  rate  on  capital  gains  for  agent  i 

xjj  is  the  tax  rate  on  dividend  income  for  agent  i 

Agent  i's  budget  constraint  on  the  cum-day  is: 

W|:  =  P,xU  bo  =  Pcx!:  +  bl;  (1) 

where  W^.  is  the  initial  wealth  of  the  trader  on  the  cum-day,  composed  of  the  risky  asset  (  xq)  and  the 
riskless  asset  ( bo).  Similarly,  the  budget  constraint  on  the  ex-day  is: 

W^  =  P^xj,  +  Dxj.  -(-  bj.  =  PeX^  +  b^  (2) 

Since  the  dividend  has  been  paid,  the  investor's  ex-day  wealth  before  trading  comprises  three 

elements:  the  stock,  the  bond,  and  cash  from  the  dividend  distribution.  His  after-trade  holdings  are  in 

the  stock  and  bond  only,  as  indicated  in  the  right-hand  side  of  equation  (2). 
The  final-period  holding  before  taxes  can  be  expressed  as: 

w;  =P,x[.+b;  (3) 

Assuming  all  taxes  are  paid  at  liquidation,  agent  i's  total  tax  payments  equal: 


"The  assumption  of  proportional  tax  rates  could  be  replaced  by  a  progressive  tax  rate  schedule  combined  with  the 
assumption  that  the  ex-dividend  day  activity  does  not  change  the  agents'  tax  brackets. 


t'=TiiDxi:+4|(Pc-P|))x|)+(Pe-Pc)xi:+(Pl-Pe)x;}  (4) 

Combining  equations  (1)  through  (4)  for  an  explicit  expression  of  agent  i's  final  wealth  after 
taxes,  W'l'^^,  yields: 

Wi^'^={b|)+[Pc-X^(Pc-Po)]x|)}  +  (l-4)(Pe-Pc)x|; 

(5) 
+(l-xil)DxU(l-X^)(Pl-Pe)xi 

The  first  term  represents  the  after- tax  cum-dividend  day  wealth  of  agent  i.  The  second  term  is 
the  after-tax  capital  gain  between  the  ex-  and  the  cum-day,  the  third  term  is  the  after-tax  dividend 
income,  and  the  fourth  term  is  the  after-tax  capital  gain  between  the  ex-day  and  the  liquidation  date. 

To  obtain  an  explicit  soluUon,  we  need  to  make  some  specific  assumptions  about  the  form  of 
the  utility  function,  U'(*),  and  about  P,. 

Assumption  1:   Pi  =  P  +  Eg  +  ii  where  Eg  and  ei  are  mean  zero,  independent  normally 
distributed  random  variables  with  standard  deviation  Gq  and  ai,  respectively. 

Assumption  2:  All  agents  in  the  economy  have  a  constant  absolute  risk  aversion  utility  function 
of  the  form: 

Ui(w|A'r)  =  -exp(-p'w;AT 

where  pi  is  the  risk  aversion  coefficient  and  W,'^^  is  the  after-tax  final  wealth  of  agent  i. '''^ 


^The  parametric  assumptions  1  and  2  are  standard  in  the  market  microstructure  literature  (see  Grossman  and  Stiglitz,  1980, 
among  many  others).  In  the  case  of  symmetric  information,  they  may  be  relaxed  with  some  effort.  In  the  case  of  asymmetric 
information  (see  section  6),  they  are,  to  our  knowledge,  necessary  for  tractability.  However,  we  believe  that  the  intuitions 
developed  in  the  parametric  model  about  the  relationship  between  risk  and  market  volume  are  quite  robust  to  the 

sf)ecifications.  Also  note  that  this  assumption  1  is  not  as  restrictive  as  it  sounds.  Indeed,  denote  by  £e  and  £.\  the 

information  innovations  at  the  ex  and  at  liquidation  respectively.  That  is  £e  =  Ee(  Pi)-  Ec(Pi)  and  E\  =  P  \  -  E^{  P  i) 
where  Eg  (respectively  Ec)  denote  the  expectation  operator  conditional  upon  the  information  at  the  ex  (respectively  at  the  cum). 

Note  that  by  construction  Ee(  E\ )  =  Ec(  §1 )  =  Ec(  Ee )  =  0.  Let  P    s    Ej(P| )  we  can  always  write  P  i  =  P  +  Ee  +  Ei 

where  Eg  and  £i  are  zero  mean  random  variable  such  that  E(  £i  I  Eg )  =  0  since  Eg  belongs  to  the  information  set  at  the 

ex.  Hence,  assumption  1  only  assumes  that  Eg  and  £i  are  jointly  normally  distributed  which  implies  that  they  are 

independent.  We  do  not  assume  that  price  changes  Pg-Pc  and  P  rPe  are  independent. 

^We  do  not  impute  the  same  degree  of  risk  aversion  to  all  agents.  It  is  possible,  for  example,  that  short-term  traders  and 
certain  corporate  traders  are  less  risk  averse  than  long-term  individual  investors.  The  principle-agent  problem  between 
management  and  equity  holders  cause  the  corporate  treasurers  to  act  as  if  they  are  risk  averse.  As  Eades,  Hess  and  Kim 
( 1992)  note,  several  corporate  treasurers  were  dismissed  when  their  dividend  capturing  programs  experienced  large  capital 
losses.  For  example.  The  Wall  Street  Journal  reported  on  November  3,  1987  that  "one  of  the  hardest  hit  was  Hawaiian 
Electric  Industries,  Inc.  Late  last  week  it  announced  that  it  had  lost  $1 1.3  million  in  the  stock  market,  almost  all  in  a 
dividend  capture  program.  The  treasurer  of  the  unit  responsible  for  the  loss  'retired'  last  week". 


6 

Each  investor  has  to  decide  how  much  to  trade  at  the  cum-  and  the  ex-day  to  maximize  his 

expected  utility  of  after-tax  wealth.  To  solve  for  the  equilibrium,  we  first  derive  the  investor's  demand 
on  the  ex-day.  We  then  solve  for  the  equilibrium  price  and  allocations  on  the  ex-day.  Finally,  we 
solve  backward  for  the  cum-day  equilibrium.  The  individual's  problem  at  E  is  to  maximize  the 
exp)ected  utility  of  terminal  wealth,  Wj 

Since  W',"^^  is  a  linear  function  of  a  normally  distributed  random  variable,  £],  Wj'^^  is  also 
normally  distributed.  Conditional  upon  e^,  which  is  the  only  piece  of  information  available  at  the  ex- 
day,  and  given  assumption  (2),  agent's  i  objective  at  E  is  to  maximize: 

E{wr|ee}-^  Var{wr|ee}  (6) 

Differentiating  (6)  with  respect  to  the  ex-day  demand,  x[,  and  using  expectations  and  the 
variance  of  final  wealth  yields  the  demand  for  the  risky  asset  x4: 


P  -f-  £e  -  Pe 


(7) 


p'(l -x^)af 

The  demand  function  takes  the  form  in  which  the  expected  price  change  relative  to  the  risk  in 
the  economy,  divided  by  the  tax-adjusted  risk  aversion,  p'  ( 1  -  Tg),  determines  the  holdings  of  the  risky 
asset.  Under  the  assumption  that  the  ex-dividend  day  activity  does  not  change  the  agents'  tax  bracket 
(which  is  locally  equivalent  to  a  proportional  tax  rate),  we  find  the  aggregated  demand  for  the  risky 
asset. 

Let  K' =  (p'  (l  -  tg)  I"  be  agent's  i  tax-adjusted  risk  tolerance,  and 

K  =  I  k'  (8) 

i  =  l 

where  K  is  the  aggregate  risk  tolerance  in  the  economy. 

Aggregating  (7)  across  investors,  and  using  (8),  the  aggregate  demand  at  the  ex-dividend  day 
can  be  expressed  as: 

K(P-Hee-Pe) 

Xe  =  -^ " ^  (9) 
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The  equilibrium  ex-day  price  can  be  written  as: 

Pe  =  P  +  ee-{(^f)x/K}  (10) 

Equation  (10)  indicates  that  the  ex-day  price  is  inversely  related  to  the  variability  in  the  random  shock  to 
the  economy.  The  greater  the  risk  tolerance  of  the  investors,  the  less  effect  noise  will  have  on  the  ex- 
day  price. 

Next,  we  compute  agent's  i  demand  at  the  cum-day.  For  this  purpose,  we  fu-st  prove  that 
capital  appreciation  between  the  cum  and  the  ex,  and  capital  appreciation  between  the  ex  and  the 
liquidation  date  are  independent.  Indeed,  using  (10),  the  last  quantity  can  be  expressed  as: 

Pi-Pe=ei+{(ai)x/K}  ,  (11a) 

and  the  capital  appreciation  between  the  cum  and  the  ex  as: 

Pe-Pc=P  +  ee-{(ar)x/K}-Pc  (lib) 

Equations  (11a)  and  (1  lb)  indicate  that  the  capital  appreciations  between  the  two  trading 
periods  are  independent  since  e,  and  ee  are  independent.  It  follows  that  the  variance  of  the  terminal 
wealth  has  no  covariance  term,  which  simplifies  the  derivation  of  the  cum-day  demand  function; 
consequently  the  investment  choice  is  easier  to  deal  with.  Calculating  expectations  and  variance  of  the 
final  wealth  and  substituting  into  the  agent's  utility  function  and  differentiating  with  respect  to  the  cum- 
day  yields: 

^_(E(p,-P,)(l-T-)  +  D(l-r|,)) 
p'Var(Pe)(l-4) 
Define  a'  as  the  tax-induced  preference  for  dividends  versus  capital  gains  income;  that  is, 

a'=-!^  (13) 

Calculating  expectations  and  variance  of  the  ex-day  price,  given  the  cum-day  information  and 
substituting  them  into  (12)  together  with  (13), 

xi;=|p-Pc-{(af)x/K}-(-a'D|Kya^  ,  (14) 
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which  is  agent's  i  demand  function  for  the  risky  asset  on  the  cum-day.  The  higher  the  investor's  tax 

rate  on  dividend  income  relative  to  capital  gains  (lower  a),  the  less  of  the  risky  asset  he  will  hold. 

ceteris  panbus.  Aggregating  the  cum-day  demand  over  all  individuals  and  using  the  equilibnum 

condition,  the  cum-day  price  can  be  written  as: 

P,  =  P  +  aD-x(o,:+ar)/K  (15) 

N 

^  K'a' 
where  a  =  '^' 


N 
i=l 


is  the  average  preference  for  dividend  income  relative  to  capital  gain  income,  weighted  by  the  tax- 
adjusted  risk  tolerance. 

III.      Volume  and  price  changes 

III.  A     Portfolio  rebalancing  around  the  ex-dividend  day 

As  shown  in  the  previous  section,  the  equilibrium  price  on  the  ex-day  is  determined  by  solving 
the  investor  optimization  problem  and  then  obtaining  the  price  by  aggregating  the  individual  demand 
for  the  risky  asset.  In  this  section,  we  derive  some  general  properties  of  the  solution. 

Using  the  derived  cum-day  price  function  (eq.  15)  and  the  agent's  demand  for  the  risky  asset 
(eq.  14),  we  can  express  his  holdings  in  terms  of  the  exogenous  variables: 

xi- =(K7K)x  +  D(a'-a)(KVag)  (16) 

Equation  (16)  gives  a  very  simple  interpretation  of  the  optimal  strategy,  determining  the  amount 
of  the  risky  asset  to  purchase  because  of  the  dividend  distribution.  If  the  relative  tax  penalty  of 
dividend  income  is  low  compared  to  the  average  of  all  agents,  he  will  hold  more  of  the  risky  asset  than 
he  usually  would  have  held  during  non-dividend-paying  periods.  While  the  decision  to  increase  or 
reduce  the  holding  of  the  risky  asset  depends  on  a',  the  additional  amount  held  is  also  a  function  of  the 
agent's  risk  tolerance  and  the  risk  involved,    oi .  The  dividend-related  adjustment  of  the  portfolio 
holding  on  the  cum-day  is  negatively  related  to  the  level  of  risk  on  the  cum-day,  and  positively  related 
to  the  risk  tolerance  of  the  agent.  The  less  risk  averse  the  agent  is,  the  greater  the  change  in  his 
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position  on  the  cum-day.  This  tax-induced  trading  is  consistent  with  the  absence  of  riskless  arbitrage 

(Heath  and  Jarrow,  1988),  which  prevents  agents  from  taking  infinitely  large  positions  in  the  risky 
asset.  The  absolute  change  in  the  holdings  is  also  positively  related  to  the  dividend  amount,  as  shown 
in  the  second  part  of  the  equation. 

To  be  more  precise,  consider  the  case  of  a  corporate  trader.  Since  corporations  are  allowed  a 
70%  dividend  deduction,  their  effective  tax  rate  on  dividends  is  about  10.2%.^  With  a  marginal  tax 
rate  on  capital  gains  of  34%,  their  a'  equals  1.36,  which  is  above  the  market's  relative  tax  rate,  since 
the  market  also  includes  traders  who  are  more  averse  to  dividends.  Hence,  the  corporate  trader  will 
purchase  the  risky  asset  in  excess  of  his  regular  holding  before  the  ex-day.  On  the  other  hand,  an 
investor  who  is  in  a  high  tax  bracket  will  have  an  a'  lower  than  the  market's.  This  type  of  investor 
will  have  less  of  the  dividend-paying  asset  in  his  portfolio  on  the  cum-day,  since  (a'  -  a)  is  negative. 

Similarly,  using  the  agent's  demand  for  the  risky  asset  on  the  ex-day  [eq.  (7)]  and  the  ex-day 
price  function  [eq.  (10)],  the  equilibrium  holding  of  the  risky  asset  in  the  next  trading  period,  the  ex- 
day,  takes  the  following  form: 

x;=(k7k)x  (17) 

Thus,  after  the  stock  has  begun  trading  without  the  dividend,  the  holding  of  the  agent  returns  to 
its  "natural"  level.  We  now  show  that  the  transaction  in  the  risky  asset  between  the  cum-day  and  the 
ex-day,  and  between  the  ex-day  and  the  liquidation  date,  is  partly  due  to  liquidity  trading  and  partly  to 
tax  induced  trading.  The  cum-day  transaction  of  agent  i  can  be  expressed  as: 

xj:  -  x|)  =  {(kVkJX  -  x|)U  D(a'  -  a)(K7ae)  (18a) 

and  the  ex-day  transaction  is: 

xi-xJ:=-D(a'-a)(KVae)  (18b) 

The  first  term  in  equation  (18a)  represents  the  liquidity  trading,  which  is  not  directly  related  to 
the  distribution  of  the  dividends.  This  part  of  the  trading  is  due  to  the  discrepancy  between  the  initial 
endowment  and  the  optimal  holding  of  the  risky  asset.  The  second  part  of  (18a)  is  the  trade  due  to  the 


^This  rate  assumes  the  corporation's  tax  bracket  is  34%.  The  effective  corporate  tax  rate  on  dividends  before  the  1986 
TRA  was  almost  the  same. 
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dividend.  Each  investor  reverses  this  trade  in  the  next  trading  period,  when  the  stock  is  traded  without 

the  dividend,  as  can  be  seen  in  equation  ( 1 8b).  An  agent  who  bought  the  risky  asset  in  excess  of  his 

long-run  equilibrium  holdings  on  the  cum-day  will  sell  this  excess  on  the  ex-day,  when  the  stock 

trades  without  the  dividend.  A  comparison  of  equations  (18a)  and  {18b)  reveals  that  the  absolute 

deviation  from  a  trader's  proportionate  share  [eq.  (17)]  is  negatively  related  to  the  variance  of  the 

information  shock. 

1 1 1 .  B     The  volume  of  trade 

In  the  presence  and  uncertainty,  our  ability  to  identify  investors'  tax  preferences  from  prices 
alone  is  quite  limited.  Consider  the  following  two  scenarios:  In  the  first,  all  investors  have 
homogeneous  preferences  with  respect  to  dividends  and  capital  gains,  a'  =  1  for  every  i.  In  the 
second,  half  of  the  investor  population  prefers  dividends  (a'  =  1.5),  and  half  prefers  capital  gains  (a^ 
=  0.5).'^  It  is  easy  to  show  that  prices  under  these  two  scenarios  are  the  same.  By  just  observing 
prices,  there  is  no  way  to  know  whether  the  trading  population  is  homogeneous  (scenario  1)  or 
heterogeneous  (scenario  2)  with  respect  to  taxes.  However,  trading  volume  may  help  us  to  identify  the 
nature  of  the  trading  population.  As  we  show  below  for  the  first  case,  there  are  no  gains  from  trade, 
and  consequently  no  abnormal  volume.  In  the  second  case,  where  the  trading  population  is 
heterogeneous,  there  are  gains  from  trade,  and  volume  will  be  higher  than  average. 

Trading  volume,  as  predicted  by  our  model,  can  be  found  by  summing  all  trades  of  the  market 
participants.  The  aggregate  level  of  trading  volume,  defined  as  the  number  of  shares  traded  in  a 
sf)ecific  trading  interval,  is  negatively  related  to  the  homogeneity  of  the  tax  structure  among  traders: 


,,N 


1  f     N 


(K"/K)x-x{)  +  D(a'-a)(K'/ae') 
(a'-a)(K7ae') 


(19a) 


(19b) 


'"For  simplicity,  we  assume  that  both  groups  have  the  same  degree  of  risk  aversion. 
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Vc  and  Ve  are  the  cum-day  and  the  ex-day  trading  volume  respectively."  The  cum-day  volume 
is  determined  by  two  major  factors:  the  discrepancy  between  the  initial  holding  of  the  risky  asset  and 
the  optimal  holding  for  each  agent,  and  the  deviation  of  the  agents'  a'  from  its  weighted  mean,  a.  The 
more  heterogeneous  the  tax  structure  is,  the  larger  the  volume  of  trade  on  the  cum-day.  An  extreme 
example  is  when  all  agents  face  the  same  relative  tax  rate  on  dividend  and  capital  gains,  which  implies 
a'  =  a.  Equations  (19a)  and  (19b)  indicate  that  in  the  case  of  complete  homogeneity,  the  distribution 
of  dividends  will  not  generate  any  excess  trading  volume.  All  agents  agree  on  what  should  be  the 
consequences  of  the  payment  of  the  dividend,  and  hence,  in  the  lack  of  disagreement  on  the  relative 
value  of  these  payments,  no  dividend-related  trading  takes  place.  As  the  difference  across  investors 
widens,  in  terms  of  both  differential  taxes  and  attitude  toward  risk,  the  amount  of  trade  increases. 
Equations  (19a)  and  (19b)  show  that  one  of  the  primary  determinants  of  the  market  volume  is  the 
degree  of  heterogeneity  among  agents  in  the  relative  tax  differential.  The  first  part  of  the  equation 
indicates  that  the  actual  trade  will  also  depend  on  the  distribution  of  the  endowment  across  all 
investors. '2 

III.C     Equihbrium  expected  premium 

In  a  world  without  transaction  costs,  the  nonequilibrium  approaches  to  stock  price  behavior 
around  the  ex-day  conclude  that  the  premium  either  should  reflect  the  marginal  tax  rate  of  the  marginal 
investor,  or  it  should  be  equal  to  one,  because  of  the  activity  of  the  traders  and  dealers  on  the 
exchange.  The  equilibrium  solution  to  the  problem  indicates  that  the  expected  price  reaction  relative  to 
the  dividend  is  a  function  of  the  average  tax  rates  of  the  market  participants,  weighted  by  their  risk 
tolerance,  and  the  amount  of  risk  in  the  economy  on  the  ex-day  relative  to  the  total  risk-bearing 


"it  is  important  to  note  the  difference  between  the  cum-day  volume  (equation  19a),  and  the  ex-day  volume  (equation 
19b),  is  a  result  of  the  liquidity  shock  on  the  cum-day.  It  is  straightforward  to  construct  a  model  with  T  trading  days, 
where  the  liquidity  shock  is  at  day  1,  the  cum-day  is  at  day  t<T-l  and  the  ex-day  at  t+1.  Then  the  cum-day  volume  is 
equal  to  the  ex-day  volume. 

'-Our  model,  in  which  all  agents  are  allowed  to  unwind  their  tax-related  positions  as  early  as  the  next  trading  period, 
predicts  that  the  ex-day  tax-related  volume  will  be  similar  to  the  cum-day's.  In  practice,  not  all  market  participants  may 
return  immediately  to  their  natural  holdings,  especially  since  corporations  must  hold  the  stock  for  more  than  45  days  to 
be  allowed  70%  dividend  exclusion.  We  do  not  model  this  type  of  behavior,  in  which  the  timing  of  liquidation  can  vary 
within  some  specific  interval. 
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capacity.  Using  the  price  functions  of  the  cum  [eq.  (15)]  and  ex-dividend  days  [eq.  ( 10)],  the  actual 

price  differential  between  the  cum  and  the  ex  is: 

P,  -  Pe  =  aD  -  £o  -  x[c'Jk)  (20) 

The  expected  premium,  E(Pr),  can  be  obtained  by  taking  expectations  of  (20)  and  dividing  by 
the  dividend  amount: 

E(Pr)  =  {P,  -  E(PelPj}/D  -  a -x(oI/k)/d  (21) 

The  expected  premium,  which  is  defined  as  the  expected  price  change  between  the  cum-day 

and  the  ex-day  relative  to  the  dividend  amount,  can  be  decomposed  into  two  parts.  The  first  term  is  a, 

the  average  tax  rate  of  dividend  income  relative  to  capital  gains,  weighted  by  the  agents'  risk  tolerance; 

the  second  adjusts  the  premium  to  the  risk  involved  in  this  trading.  The  first  part  of  the  equation 

indeed  shows  that  taxes  affect  the  ex-day  premium.  However,  the  premium  reflects  the  relative  tax 

rates  of  all  market  participants,  not  just  the  marginal  trader' s.'^  Their  weight  is  inversely  proportional 

to  traders'  risk  aversion,  so  the  less  risk-averse  investors  have  more  weight  in  determining  the 

premium.'-*  The  last  part  of  (21 )  indicates  that  the  expected  premium  is  a  function  of  risk  as  well  as 

the  relative  tax  rates;  that  is,  r—  <  0-  The  greater  the  ex-day  variance  relative  to  the  market  risk- 

6a; 

bearing  capacity,  the  lower  the  expected  premium.  It  is  interesting  to  note  the  effect  of  the  dividend 
through  the  risk  component.  The  higher  the  dividend,  the  less  effect  a;  has  on  the  expected  premium. 
That  is,  the  variance  of  the  random  information  shock  plays  a  more  important  role  in  stocks  that  pay 
low  dividends  than  in  high-dividend  stocks. 


'  ■'it  should  be  noted  that,  in  the  absence  of  market  frictions,  the  price  Pc  is  equal  to  the  marginal  utility  of  all  agents  at 

their  optimal  position  Xj,.  This  can  be  seen  by  rewriting  equation  (14)  as:    P^.    =    E(Pj)  +   OjD  -   a^x^  /  K  . 
In  this  sense  all  the  traders  are  marginal  in  our  model.  There  is  no  contradiction  however.  In  the  above  equation  the 

position,  Xj. ,  is  endogenous.  To  calculate  the  market  price,  we  need  to  calculate  the  marginal  utility  of  the 
representative  agent  (see  Constantinides,  1982)  at  the  exogenous  aggregate  supply  X,  which  we  do  in  equation  (15). 

'"^Obviously  we  would  expect  the  wealth  of  investors  to  be  a  factor  in  their  influence  on  the  size  of  the  premium.  The 
use  of  the  constant  absolute  risk  aversion  utility  function  results  in  a  demand  function  for  the  risky  asset  that  is 
independent  of  wealth.   However,  we  can  circumvent  this  drawback  in  two  ways.  First,  we  can  assign  smaller  risk 
aversion  coefficients  to  wealthier  traders;  second,  the  number  of  these  traders  can  be  assumed  to  be  large.  Both  measures 
will  shift  weight  to  the  traders  with  more  wealth  and  lower  nsk  aversion. 
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IV.      Sensitivity  analysis  and  empirical  implications 

In  this  section,  we  derive  several  empirical  implications  of  the  model  and  exploit  the 
relationship  between  the  cross-sectional  distribution  of  tax  rates  and  the  price  and  volume  statistics. 
We  show  that  even  without  perfect  clientele,  it  is  possible  to  infer  the  composition  of  the  market 
participants  from  their  effect  on  ex-dividend  day  price  and  volume. 

rV.A     Sensitivity  analysis 

Our  analysis  links  prices  and  volume  to  the  cross-sectional  distribution  of  tax-induced 
preferences  of  dividends  relative  to  capital  gains.  Let  K'/K  =  Tt*  be  the  weight  of  agent  i  in  the 
economy.  The  7i''s  are  probabilities  that  define  the  risk-tolerance-adjusted  cross-sectional  distribution 
of  the  a^'s.  We  denote  by  E  the  expectation  operator  induced  by  these  probabihties.  It  can  be  seen 
that  a  is  the  first  moment  of  the  distribution  [a  =  Ea  =  iTt'a')^  whereas  the  tax-induced  volume  is 
proportional  to  the  expected  absolute  deviation  from  the  mean,  E|a  -  ot|  =  Stc'  a'  -  a  [eq.  (19b)]. 
Using  some  simplifying  assumptions,  we  then  (1)  simulate  price  and  volume  given  the  distribution  of 
tax  heterogeneity;  and  (2)  calibrate  the  model's  parameters  and  extract  the  relative  weights  of  the 
trading  population  around  the  ex-day,  given  premium  and  volume. 

Recall  that  the  expected  premium  can  be  decomposed  into  two  parts  [eq.  (21)].  The  second 
part  adjusts  the  expected  premium  to  the  risk  involved  in  the  ex-day  trading.  From  standard  analysis 
we  know  that  the  risk  premium,  v,  is  equal  in  equiUbrium  to  Xae  /  KP.  Hence,  we  can  write  the 
expected  premium  as: 

E(Pr)  =  a-^^^^  =  a-^  (22) 

D/P  D/P 

Using  the  same  notation,  the  excess  trading  volume  (in  percentage  terms)  can  be  expressed  as: 


K,KP(D/P)      1,,D/P 
-M ^ —  =  -M 

2  Xa^  2        V 


V/X  =  ^M^^:,^,    ^=^M^^^  ,  (23) 


'e 


where  M  is  the  average  absolute  deviation  from  the  mean: 

M  =  E|(a'-a)|  (24) 
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To  calibrate  the  model,  we  need  to  specify  the  dividend  price  ratio  D/P,  the  risk  premium  v, 
and  the  distribution  of  the  tax  rates  (i.e..  the  a''s).  For  all  our  numerical  examples,  we  set  D/P  to  be 
1%  which  is  within  the  observed  range  of  dividend  yields.  Also,  we  set  the  equilibrium  annual  risk 
premium  as  8%.  The  risk  premium  v  is  related  to  the  annual  risk  premium  in  the  following  manner:  If 
the  number  of  trading  days  per  year  is  250  and  if  the  minimum  number  of  holding  periods  is  n  days, 
then: 


n 
[250 


v  =  1.08^^"  -1 

Of  course,  the  minimum  holding  period  varies  across  investors.  For  example,  for  an  arbitrageur,  n 
may  be  just  one  day,  implying  a  risk  premium  of  v  of  .0003 1 .  A  corporation,  on  the  other  hand,  must 
keep  the  stock  for  more  than  45  days  (i.e.,  approximately  33  trading  days),  implying  a  risk  premium  v 
of  0.0 102.  Since  corporations  are  major  players  in  ex-day  trading,  we  assume  a  holding  period  of  33 
trading  days  so  that  corporations  find  dividend  capture  profitable. '^  We  therefore  set  v  =  .0102. 

In  table  1  we  compute  the  values  of  the  risk-adjusted  expected  premium,  a,  and  excess 
volume  under  alternative  values  of  the  distribution  of  the  7i''s.  To  simplify  the  numerical  analysis,  we 

assume  that  there  are  three  distinct  trading  groups:  corporate  traders,  long-term  traders,  and  short-term 
traders  such  as  security  dealers.  Using  the  pre- 1986  Tax  Reform  Act  tax  rates,  corporate  traders  face  a 
46%  marginal  tax  rate,  but  85%  of  the  dividends  received  are  excluded  from  taxes,  which  implies  an 
a<^  of  1 .724.  With  a  marginal  tax  rate  of  50%  on  dividend  income  and  20%  on  capital  gains  income, 
the  long-term  investors'  marginal  rate  of  substitution,  a',  is  0.625.  Lastly,  the  dealers  face  the  same 
tax  rates  on  both  dividend  and  capital  gains  income,  hence,  a^  equals  one.  Consider,  for  example,  a 
security  dominated  by  long-term  trades  (90%),  with  some  dealers  trades  (10%)  and  no  corporate  trades 
(table  1 ,  column  1 ).  In  this  case  a  is  0.66  and  the  excess  volume  is  3%.  The  more  active  the 
corporate  traders,  the  higher  a  would  be  (column  2  compared  with  column  1 ).  The  higher  the 
dispersion  of  the  composition  of  the  traders,  the  higher  would  be  the  volume  (column  3  compared  with 
column  2).  Note  that  an  a  of  0.99  can  be  achieved  even  when  the  dealers  have  a  relative  weight  of 


''a  multi-period  model  where  investors  have  different  holding  periods  will  generate  similar  results.  Indeed,  an  investor 
with  a  one-day  holding  period  will  postpone  his  trade  to  wait  for  a  corporate  counterpart. 
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only  40%  (column  3).  Not  surprisingly,  higher  weights  for  the  corporate  traders  increase  the  level  of 

a,  as  indicated  in  the  last  two  columns. 

In  table  2,  panel  A,  we  infer  the  distribution  of  tax  rates,  Ti'^,  7t',  k^,  given  prices  and 
volume.  Each  panel  is  divided  into  two  parts.  In  the  first  part  we  compute  the  relative  weights  of  the 
various  trading  groups  and  the  absolute  deviation  from  the  mean,  given  price  and  volume.  In  the 
second  part  we  calculate  the  extreme  values  of  M  and  volume,  given  a.'^  The  results  in  panel  A 
indicate  that  a  higher  a,  keeping  volume  constant,  is  a  result  of  greater  weight  on  the  agents  that  have 
higher  valuation  of  dividends  than  the  other  trading  groups.  For  example,  keeping  volume  constant  at 
a  level  of  16%,  the  degree  of  tax  heterogeneity,  M,  is  0.33  for  all  levels  of  a.  However,  when  a 
increases  from  1.1  (column  2)  to  1.25  (column  4),  the  weight  of  the  long-term  traders  drops  from  26% 
to  0%,  the  weight  of  the  arbitrageurs  increases  from  50%  to  66%,  and  the  weight  of  the  corporate 
traders  increases  from  26%  to  34%.  At  the  same  levels  of  a,  but  at  higher  levels  of  volume  (column 
2-4  compared  with  column  5-7),  the  level  of  tax  heterogeneity  is  higher:  33%  for  a  volume  of  16%, 
and  41%  for  a  volume  of  20%.  A  comparison  of  columns  2  and  5  shows  than  an  increase  in  the 
volume  of  trade  when  a  is  greater  than  one  is  a  result  of  a  greater  presence  in  the  marketplace  of  both 
corporate  traders  and  long-term  traders,  and  a  lesser  presence  of  the  arbitrageurs.  The  values  of  M"^^, 
M™",  V"^^  and  V™"  show  the  extreme  values  of  the  tax  heterogeneity  and  volume  for  a  given  levels 
of  a.  '"7  For  an  a  of  1.2  for  example,  the  maximum  volume,  V"^,  consistent  with  the  model's 
predictions  is  27%,  and  the  minimum  volume,  Vn^i",  is  14%. 

Panel  B  presents  some  possible  combinations  of  premium  and  volume,  for  levels  of  a  below 
one.  These  results  are  parallel  to  the  results  in  panel  A.  The  weight  of  the  long-term  traders  decreases 
with  an  increase  in  premium,  keeping  the  level  of  volume  constant.  The  level  of  tax  heterogeneity 
increases  with  volume.  For  example,  when  the  volume  increases  from  10%  to  14%,  the  degree  of  tax 
heterogeneity  increases  from  20%  to  29%.  Naturally,  at  a  very  low  level  of  the  premium,  the  possible 
range  of  the  tax  heterogeneity  is  narrower. '^  Comparing  the  second  and  the  fourth  columns,  the  range 


'^The  derivation  of  the  expression  for  n^,  k\  n^  can  be  found  in  the  Appendix. 

'^Volume  and  the  degree  of  tax  heterogeneity,  M,  are  positive  linear  transformations  of  each  other,  as  can  be  seen  in 
equation  (23). 

'°Given  that  the  premium  is  below  1.1745,  as  shown  below. 
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is  10%  when  a  is  0.8  and  37%  when  a  is  0.95.  Using  the  results  in  panels  A  and  B.  we  can  examine 

the  effect  of  changing  the  level  of  volume  (while  keeping  a  constant)  on  the  cross-sectional  tax 
distribution.  An  increase  in  the  volume  shifts  the  weights  from  the  short-term  traders  to  the  corporate 
traders  to  the  long-term  traders  (panels  A  and  B).  In  all  cases,  greater  volume  is  an  indication  of 
higher  tax  heterogeneity  (M). 

In  panel  C.  we  select  values  of  a  that  enable  us  to  take  the  degree  of  tax  heterogeneity  to  its 
extreme.  Columns  2  and  3  present  the  only  situations  in  which  the  excess  volume  is  certainly  zero. 
This  happens  when  a  is  either  0.625  or  1.724,  the  marginal  rate  of  substitution  between  dividend  and 
capital  gains  income  for  the  long-term  and  the  corporate  traders,  respectively.  These  levels  of  volume 
imply  that  there  is  no  gain  from  trade.  This  circumstance  can  occur  only  when  all  traders  are  either 
long-term  traders  (a  =  0.625)  or  corporate  traders  (a  =  1.724).  A  less  intuitive  case  is  when  a  =  1. 
Then  the  excess  volume  may  be  zero,  if  tt^  =  1  (i.e.,  all  traders  are  arbitrageurs),  or  may  be  positive,  if 
K^^  \.  As  shown  in  column  5  of  panel  C,  the  latter  case  is  a  particular  outcome  of  the  equilibrium  in 
which  the  degree  of  tax  heterogeneity  is  quite  high  (49%).  In  fact,  the  maximum  volume  is  reached 
when  the  short-term  traders  do  not  participate  in  the  trading  at  all.  This  result  illustrates  that  the 
information  contained  in  the  volume  statistics  is  important  in  determining  the  cross-sectional  tax 
distribution.  An  analysis  of  a  alone  may  leads  us  to  misleading  conclusions.  Lastly,  in  column  7  we 
look  at  the  point  of  the  global  maximum  volume.  At  this  point,  the  excess  volume  is  27%,  which  is  a 
result  of  equal  market  weights  to  the  corporate  traders  and  the  long  term  traders  and  no  trading  by  the 
short-term  traders. 

IV. B     Empirical  implications 

Our  model  confirms  the  empirical  findings  of  Lakonishok  and  Vermaelen  (1986)  and  others, 
that  volume  is  higher  around  the  ex-dividend  day  than  on  other  trading  dates,  ^akonishok  and 
Vermaelen  find  that,  for  the  period  1975-1981,  the  volume  around  the  ex-dividend  day  is  around  36% 
higher  than  normal  volume.  The  calibration  of  the  model  presented  here  implies  much  higher  volume. 
We  believe  that  this  discrepancy  is  a  result  of  the  transaction  costs  involved  in  these  trades.  This 
explanation  is  consistent  with  the  findings  of  Constantinides  (1986)  and  Fleming  et  al.  (1990),  that 
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transaction  costs  have  a  first-order  effect  on  volume  and  only  a  second-order  effect  on  prices.  Indeed, 

Lakonishok  and  Vermaelen  ( 1986)  find  that  after  transaction  costs  were  reduced  in  May  1975,  there 

was  a  substantial  increase  in  volume  around  the  ex-dividend  day.  Using  price  data,  Karpoff  and 

Walkling  (1988,  1990)  show  that  the  ex-dividend  day  return  pattern  is  consistent  with  heavier  activity 

by  corporate  and  short-term  traders  in  securities  with  lower  transaction  costs.  Michaely  and  Murgia 

(1993)  show  that  the  volume  of  trade  around  the  ex-dividend  day  is  higher  for  stocks  with  lower 

transaction  costs. 

If,  as  our  model  implies,  risk  exposure  has  a  significant  effect  on  the  amount  of  wealth 
investors  are  willing  to  commit  in  the  ex-day  trading,  then  we  would  expect  to  find  higher  volume  in 
stocks  with  lower  variance.  This  result  is  consistent  with  the  very  high  trading  volume  in  utility  stocks 
around  the  ex-day,  due  to  the  low  risk  associated  with  these  stocks.  An  alternative  mechanism  to 
reduce  risk  is  by  using  nonstandard  settlement  days.  Koski  ( 1992)  reports  that  volume  increases  by 
more  than  ten  times  when  traders  are  able  to  arrange  the  cum-day  ex-day  trading  using  nonstandard 
settlement  days,  and  thus  reducing  their  risk  exposure.  The  comparative  statics  analysis  indicates  that 
the  aggregate  market  volume  of  trade  may  vary  with  the  total  market  volatility  as  well. 

The  model  also  has  implications  about  the  relationship  between  the  abnormal  volume  and  the 
aggregate  risk  in  the  economy.  Through  time,  we  would  expect  to  find  an  inverse  relafionship 
between  the  level  of  market  volafility  and  the  abnormal  volume.  The  higher  the  volatility,  the  lower  the 
traders'  incentive  to  deviate  from  their  natural  holdings  in  order  to  profit  from  the  upcoming  dividend, 
and  the  lower  the  trading  volume  around  the  ex-day. 

Namrally,  the  actual  premium  is  also  affected  by  the  realization  of  a  random  component,  e/D. 
We  measure  the  variance  of  the  premium,  conditional  on  the  cum-day  information: 

Var(Pr|Pc)  =  ai/D^  (25) 

Equation  (25)  shows  that  the  premium's  variance  is  negatively  correlated  with  the  dividend 
amount.  The  premium  of  stocks  with  high-dividend  yield  exhibits  less  variability  than  that  of  low- 
dividend  stocks.  Equation  (25)  has  important  empirical  implications  as  well.  It  indicates  that  the 
premium  is  heteroscedastic,  and  that  the  heteroscedasticity  is  inversely  proportional  to  the  squared 
dividend. 


18 

In  the  next  section,  we  empirically  investigate  the  effect  of  risk  on  ex-dividend  day  trading  and 

prices  and  the  effect  of  tax  heterogeneity  on  trading  volume. 

V.       Empirical  results 

V.A      The  effect  of  risk  on  ex-day  trades 

One  of  the  major  implications  of  the  model  is  that  the  amount  of  nsk  traders  are  exposed  to  on 
the  ex-day  affects  the  degree  to  which  they  are  willing  to  participate  in  the  ex-dividend  day  trading. 
The  higher  the  risk  involved,  the  smaller  the  position  they  are  willing  to  assume  (either  long  or  short 
position). 

Because  of  the  nature  of  the  model  (only  one  risky  asset),  the  appropriate  risk  measurement  is 
not  explicitly  specified.  It  is  possible  that  most  of  the  systematic  risk  is  easily  eliminated  by  holding 
the  appropriate  position  in  a  future  contract,  for  example.  In  fact,  in  a  CAPM  world,  accounting  for 
the  systematic  risk  amounts  to  discounting  the  ex-day  price  by  the  appropriate  risk  factor  (beta),  which 
was  done  by  most  studies  investigating  the  ex-day  phenomena.  The  contribution  of  the  current  model 
regarding  ex-day  price  changes  is  not  in  proposing  a  different  discount  factor,  but  in  recognizing  that 
because  of  the  risk  involved  in  the  transaction,  no  one  trading  group  will  assume  unlimited  positions, 
and  thus  control  prices.  For  example,  we  are  able  to  account  for  the  conflicting  arbitrage  restriction  of 
the  short-term  traders  and  the  corporate  traders  by  recognizing  that  these  trades  are  not  "pure" 
arbitrage.  Sf)ecifically,  using  the  arbitrage  framework,  we  can  show  that  the  short-term  traders  will 
engage  in  ex-day  trading  as  long  as  the  premium  is  different  than  one,  while  the  corporate  traders  will 
engage  in  such  trading  as  long  as  the  premium  is  different  than  1.36.  The  current  model  reconciles  this 
apparent  contradiction.'^   Therefore,  when  we  analyze  price  changes  around  the  ex-dividend  day,  we 
discount  the  ex-day  price  using  the  OLS  market  model  [as  in  Kalay  (1982),  for  example],  and  examine 
whether  other  risk  factors  affect  the  premium  (or  alternatively,  the  excess  return)  as  well. 

We  then  analyze  the  effect  of  the  total  variance  (scaled  by  the  market  variance)  on  ex-day 
excess  return  and  abnormal  volume.  In  order  to  hold  all  other  variables  as  constant  as  possible,  we 
concentrate  our  test  on  the  period  1984-1986,  where  the  relative  taxes  across  investors'  groups  are 


'^Evcn  in  ihe  presence  of  transaction  costs,  the  arbitrage  models  cannot  explain  how  prices  wiihin  the  arbitrage  bounds 
are  delermined. 
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somewhat  constant.  Also,  in  this  time  period  the  minimum  required  holding  period  for  corporate 

investors  remained  constant  at  46  days.  Ex-dividend-day  events  are  included  in  the  sample  if  the 
underlying  stock  is  traded  on  the  NYSE/AMEX  and  paid  a  cash  dividend  in  the  period  1984-1986. 
Events  are  excluded  from  the  sample  if  they  had  missing  price  or  volume  on  the  cum-day,  the  ex-day, 
or  at  least  four  of  the  1 1  days  surrounding  the  ex-day.  The  overall  sample  contains  14,893  ex- 
dividend  day  events. 

Using  return  and  volume  data  from  days  -45  to  +45,  excluding  the  1 1  days  around  the  event, 
we  calculate  the  expected  return  and  volume.  Expected  return  is  defined  by  the  OLS  market  model,  as 
in  Brown  and  Warner  (1985),  and  its  coefficients  are  estimated  in  the  80-day  estimation  period. 
Excess  reuim,  (ERi_t),  for  day  t  is  defined  as  the  realized  return  minus  the  expected  return. ^o  We  also 
calculate  the  average  turnover  for  each  event  in  the  same  period.  Abnormal  volume,  (AVi^t)-  is  defined 
as  the  difference  between  the  stock's  actual  to  average  turnover,  relative  to  the  average  turnover.  We 
compute  each  event  dividend  yield  as  the  cash  dividend  paid  over  the  cum-day  price.  The  return's 
variance  for  each  ex-day  is  calculated  using  the  daily  return  on  the  stock  during  the  estimation  period, 
scaled  by  the  market  variance  in  the  same  time  period. 

As  a  first  step,  we  analyze  the  effects  of  dividend  yield  and  risk  on  excess  return  and  abnormal 
volume  via  regression  analysis.  The  results  are  presented  in  table  3.  When  the  abnormal  volume  is  the 
dependent  variable,  the  dividend  yield  coefficient  is  positive  and  highly  significant  (t=7.372),  and  the 
risk  coefficient  is  negative  and  significant  (t=-6.608).  These  findings  indicate  that  traders  find  it  more 
profitable  to  trade  around  the  ex-day  as  the  yield  increases  and  as  the  risk  involved  in  the  trade 
decreases.  The  analysis  of  the  excess  return,  however,  indicates  that  neither  variables  significantly 
affect  the  ex-day  excess  return.^'  (Since  the  excess  remms  are  already  beta  adjusted,  this  result  is 
consistent  with  the  notion  that  only  beta  risk  is  priced.) 

To  gain  further  insight  into  the  relationship  between  abnormal  ex-day    olume,  dividend  yield, 
and  risk,  we  divide  the  events  according  their  dividend  yield  and  variance  into  nine  subsamples,  and 


2^x-dividend  day  excess  returns  and  premiums  map  one  for  one  to  each  other.  The  use  of  excess  return  enable  us  to 
avoid  the  heteroscedasticity  problem  discussed  in  the  previous  section,  equation  (25). 

^'This  system  of  equations  can  be  viewed  as  Seemingly  Unrelated  Regressions  (SURE).  However,  since  both  equations 
have  the  same  right-hand-side  variables  and  no  restrictions  are  imposed,  the  SURE  procedure  yields  identical  results  to 
running  two  separate  regressions. 
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calculate  each  subsample's  mean  abnormal  volume. -2  Mean  abnormal  volume  is  defined  as  the  cross- 
sectional  average  of  all  sample's  events  abnormal  volume.  T-statistics  are  calculated  using  the  cross- 
sectional  standard  deviation  as  in  Korajczyk,  Lucas  and  McDonald  (1991). 

The  results,  presented  in  table  4,  show  an  almost  monotonic  increase  in  abnormal  volume  as 
the  risk  associated  with  the  transaction  decreases.    For  example,  the  abnormal  trading  volume 
increases  from  6. 18%  to  1 1.93%  to  37.07%  for  the  high-,  medium-,  and  low-risk  groups 
respectively.  The  same  picture  emerges  for  each  of  the  yield  subgroups  as  well:  Abnormal  volume 
increases  as  risk  decreases.  Consistent  with  the  positive  effect  of  dividend  yield  on  abnormal  volume, 
we  observe  an  increase  in  volume  in  the  high-yield  groups  relative  to  the  low-yield  groups.  An 
exception  is  the  group  with  the  highest  risk,  in  which  the  abnormal  volume  is  never  significantly 
different  from  zero.  Not  surprisingly,  the  high-yield,  low-risk  subgroup  experiences  the  highest 
abnormal  volume  (68.25%  with  a  t-statistics  of  12. 89). 23  Overall,  the  results  illustrate  that  risk  affect 
trading  patterns  around  the  ex-dividend  day. 

V.B      The  effect  of  change  in  tax  heterogeneity 

In  this  subsection,  we  test  the  model's  implications  concerning  the  effect  of  tax  heterogeneity 
on  prices  and  volume  around  the  ex-dividend  day.  Specifically,  the  model  implies  that  as  the  degree  of 
tax  heterogeneity  among  investors  decreases,  the  volume  of  trade  around  the  ex-dividend  day  will  also 
decrease,  since  there  are  smaller  gains  from  trade.  In  addition,  as  the  weighted  average  level  of 
marginal  tax  rate  decreases,  the  ex-day  premium  is  expected  to  be  closer  to  one,  or  alternatively,  the 
expected  excess  return  should  be  closer  to  zero. 

The  1986  Tax  Reform  Act  (TRA)  provides  us  with  an  almost  ideal  experimental  ground.  The 
1986  TRA  was  the  most  dramatic  change  in  the  U.S.  tax  code  that  had  occurred  in  the  past  45  years, 
eliminating  the  preferential  tax  treatment  of  long-term  capital  gains  for  individual  investors.  Dividend 
income  and  realized  capital  gains  are  now  treated  equally  for  tax  purposes. ^'^  Therefore,  the  degree  of 


2-Each  event  in  the  sample  is  first  ranked  based  on  it  dividend  yields  and  then  based  on  its  risk  (as  defined  above).  Then 

each  event  is  categorized  into  high,  medium,  and  low  yield  and  high,  medium,  and  low  variance. 

23we  duplicated  table  4  for  excess  return  as  well.  Similar  to  the  regression  analysis,  no  consistent  pattern  emerges.  We 

have  also  replicated  the  results  of  tables  3  and  4  (as  well  as  subsequent  analysis)  for  the  cumulative  excess  return  and 

abnormal  volume  in  the  1 1  days  around  the  event.  The  pattern  that  emerges  is  practically  identical  to  what  is  reported  in 

the  paper. 

2'*In  addition,  individual  investors  were  subject  to  1 1  different  marginal  tax  rates  prior  to  the  TRA,  and  only  to  four  alter. 
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tax  heterogeneity  was  substantially  reduced  among  individual  investors  after  the  enactment  of  the 

reform.  25 

Analyzing  the  effect  of  the  1986  TRA,  Michaely  (1991)  shows  that  the  1986  change  in  the  tax 
law  did  not  have  a  significant  effect  on  ex-dividend  day  price  changes  for  the  entire  sample  of  NYSE 
stocks  around  this  event;  he  shows  that  even  prior  to  the  enactment  of  the  reform,  the  average  premium 
was  very  close  to  one.  This  is  not  surprising,  however,  given  that  corporations  and  institutional 
investors  dominated  the  market  place  at  this  time,  and  the  TRA  mainly  affected  individual  investors. 
Hence,  in  order  to  test  the  effect  of  reduction  in  tax  heterogeneity,  we  concentrate  our  investigation  on 
the  bottom  two-thirds  of  the  NYSE/AMEX  stock,  sorted  by  yield.  Choosing  the  sample  this  way 
ensures  that  a  larger  portion  of  traders  are  the  individual  investors  who  were  affected  the  most  by  the 
tax  change. 26 

Data  were  collected  for  all  firms  listed  on  the  NYSE/AMEX  that  paid  taxable  cash  distributions 
during  the  1984-1990  period.^'^  Companies  were  excluded  from  the  data  if  they  had  missing  price  or 
volume  on  the  cum-day,  the  ex-day,  or  at  least  four  of  the  1 1  days  surrounding  the  ex-day.  We  then 
sorted  all  remaining  companies/events  in  terms  of  their  yield,  and  discarded  the  top  third.  The  final 
sample  contains  27,000  ex-dividend  day  events. 

The  results,  reported  in  tables  5  and  6,  indicate  that  both  the  mean  excess  return  and  the  mean 
abnormal  volume  decline  after  the  enactment  of  the  1986  TRA.  The  mean  abnormal  volume  is  positive 
and  significant  in  every  year  prior  to  the  1986  TRA.  In  the  post-TRA  period,  the  abnormal  volume  is 
insignificantly  different  from  zero  in  two  out  of  the  three  years.  As  indicated  in  the  second  column  of 
table  6,  the  mean  abnormal  volume  in  the  pre-TRA  period  is  9. 17%,  compared  with  a  level  of  3.72% 
in  the  post-TRA  period.  There  is  a  significant  difference  between  the  level  of  abnormal  volume  in  the 
two  periods  (t=2.25).  This  result  is  consistent  with  the  model's  prediction  of  positive  association 
between  ex-dividend  day  trading  volume  and  the  degree  of  tax  heterogeneity  among  traders. 

It  is  evident  from  both  tables  5  and  6  that  the  excess  returns  were  higher  in  the  pre-TRA  period 
than  after.  The  pre-TRA  level  of  ex-dividend  day  excess  return  is  0. 191%,  compared  with  0. 128% 


25while  Lakonishok  and  Vermealen  (1986)  examine  the  effect  of  change  in  transaction  costs  on  ex-day  trading  volume, 
there  is  no  empirical  evidence  as  to  the  effect  of  tax  heterogeneity  among  investors  on  the  ex-day  volume  of  trade. 
26 As  argued  by  Kalay  (1982)  and  demonstrated  by  Karpoff  and  Walkhng  (1990),  low-dividend  yield  stocks  are  less  likely 
to  be  subject  to  dividend  capture  trading  by  institutions  and  corporations. 
2^Price  and  volume  data  were  obtained  from  the  1991  CRSP  daily  tapes. 
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after.  This  difference  is  statistically  significant.  It  is  worth  noting  that  the  mean  excess  return  for  this 

sample  is  positive  and  significant  for  every  year  in  the  sample  period,  even  after  the  reform.  The 

positive  excess  return  after  the  TRA  is  hard  to  explain.  It  is  possible  that  tho.se  traders  compare  the 

actual  marginal  tax  rate  on  capital  gains  income  (as  opposed  to  the  realized  tax  rate)  to  their  dividend 

income  tax  rate.  Because  of  the  timing  option  imbedded  in  capital  gains,  they  still  value  dividends  less 

than  capital  gains.  Alternatively,  as  several  researchers  have  explored,  it  is  possible  that  at  least  some 

portion  of  the  ex-day  excess  return  is  due  to  an  additional  risk  associated  with  ex-dividend  day  trading 

[see,  for  example,  Chen,  Grundy,  and  Stambaugh  (1990),  and  Kalay  and  Michaely  ( 1993)]. 28 

However,  given  that  we  "hold  all  other  things  constant"  in  the  sense  that  the  only  thing  that 

significantly  changed  between  the  two  test  periods  was  the  relative  tax  rate  between  dividend  and 

capital  gains,  the  argument  proposed  in  this  paper  still  holds.  That  is,  as  the  relative  differences 

between  these  two  sources  of  income  decreases  (for  all  investors),  the  excess  return  is  lower.^' 

In  sum,  using  the  1986  change  in  relative  taxes  we  show  that  tax  heterogeneity  affects  trading 

volume  around  the  ex-dividend  day.  We  also  show  that  in  a  group  of  stocks  where  corporate  and 

institutional  investors  are  less  dominant,  a  reduction  in  the  differential  taxes  between  dividends  and 

capital  gains  results  in  a  significant  reduction  of  excess  return  around  the  ex-day. 

VI.      Exogenous  vs.  endogenous  risk  in  ex-dividend  day  trading^o 

So  far,  we  have  assumed  that  the  only  risk  facing  a  trader  buying  at  the  cum  and  selling  at  the 

ex  is  that  bad  news  may  arrive  at  the  ex,  resulting  in  a  price  drop  offsetting  any  dividend  related  gain. 

This  risk  is  related  to  the  information  flow  about  a  particular  stock  and  is  exogenous  to  the  ex-day 

trading.  It  is,  however,  possible  and  quite  likely  that  the  ex-day  trading  activity  itself  generates  excess 

volatility. 

For  instance,  traders  may  not  know  either  the  distribution  of  tax  rates  or  liquidity  needs  or  the 

expected  (conditional)  premium.  This  uncertainty  will  create  a  financial  (as  opposed  to  fundamental) 

risk.  Indeed,  from  equation  (21)  the  expected  premium  is  given  by: 


-^The  extension  of  our  model  in  the  next  section  also  has  something  to  say  about  this  phenomena. 

-^This  prediction  is  also  shared  by  the  models  of  Elton  and  Gruber  (1970)  and  Kalay  (1982). 

^^HVe  wish  to  thank  an  anonymous  referee  for  leadmg  us  to  consider  the  role  of  financial  risk.  Errors  are  ours. 
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E(Pr)=  a  -  X(a;/K)/D 


while  the  premium,  Pr,  equals  the  expected  premium  minus  l^/D.  It  follows  that  in  the  presence  of 
financial  uncertainty  over  a,  X,  or  K,  the  ex-day  trading  becomes  riskier,  which  will  reduce  the 
premium  and  volume  even  further. 

To  analyze  the  interaction  between  fundamental  and  financial  uncertainty,  our  framework  can 
be  modified  as  follows.  We  assume  that  there  exists  a  continuum  of  traders  i  e  [0, 1]  each 
characterized  by  initial  endowment  Xg  and  tax  parameter  a' .  Both  Xq  and  a'  are  known  only  to 

trader  i.^'  For  tractability  we  assume  that: 

a'  =  a  +  P  +  r|'         and       Xg  =  x  +  y  +  5'  ,  (26) 

where  a  and  x  are  constant  and  p,  T|' ,  y,  and  5'  are  independent,  normally  distributed  random 
variables  with  mean  zero  and  standard  deviation  Oa,  a^,  Oy,  and  ag,  respectively.  The  variables  P 

and  y  denote  aggregate  shocks,  while  ri'  and  5'  denote  idiosyncratic  shocks. 

From  our  formulation  above,  the  weighted  average  preference  for  dividend  income  relative  to 
capital  gain  income,  a,  equals  a+P,  and  the  aggregate  supply  X  equals  x+y.  Traders  do  not  observe 
aggregate  variables  a  and  X,  but  observe  noisy  signals  a'  and  Xq.  In  addition,  at  the  cum-day  they 

observe  the  price  Pc,  and  at  the  ex-day  they  observe  both  prices  Pc  and  Pg  as  well  as  the  fundamental 
shock  fie .  A  rational  expectations  equilibrium  (see  Grossman,  1981)  is  a  pair  of  market  clearing  price 
functions  Pc(X,  a),  Pe(X,  a,  Eg)-^^  In  what  follows  we  will  solve  for  a  rational  expectations 

equilibrium  under  several  alternative  assumptions. 

VI.  A     One  degree  of  uncertainty 

If  the  aggregate  endowment  is  known,  i.e.  Oy  =  0,  then  we  can  show  that  there  exists  a 

rational  expectations  equiUbrium  where  the  price  at  the  cum  reveals  the  average  tax  parameter  a .  For 
this  purpose,  following  Grossman  (1981),  we  consider  an  "artificial  economy"  in  which  tax  rates  are 
public  informafion.  This  artificial  economy  corresponds  to  our  economy  in  section  2.1.  In  this 


^  'We  assume  that  all  traders  have  the  same  risk  tolerance  Kj    =    K .  Uncertainty  about  the  aggregate  risk  tolerance  K 
would  be  treated  in  a  similar  manner. 

■'^Note  that  because  of  the  continuum  assumption,  the  idiosyncratic  shocks  do  not  affect  the  equilibrium  prices  (see,  for 
instance,  Hellwig  (1980)  or  Admati  (1985)). 
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economy,  the  WaJrasian  equilibrium  price  Pc  given  by  equation  (15)  reveals  a.  Hence,  the  Walrasian 

equilibnum  of  the  artificial  economy  will  be  a  rational  expectations  equilibnum  of  the  private 
information  economy.  As  a  result,  it  follows  that  uncertainty  about  tax  rates  alone  does  not  create 
financial  risk. 

The  same  argument  can  be  used  if  a  is  known  while  X  is  not.  The  Walrasian  equilibrium 
price  Pc  reveals  X,  and  therefore  is  a  fully  revealing  rational  expectations  equilibrium  price.  Hence, 
uncertainty  about  aggregate  supply  alone  does  not  create  financial  risk. 

VLB     Uncertainty  about  tax  rates  and  endowments 

As  mentioned  above,  two  degrees  of  uncertainty  are  necessary  for  financial  risk  to  be  an  issue. 
In  this  subsection,  we  assume  that  both  Oa  and  Oy  are  positive.  In  this  case,  the  Walrasian 
equilibrium  price  Pc,  given  by  eq.  (15),  is  no  longer  fully  revealing.  Indeed,  a  trader  observing 
a'.  Xq,  and  Pc  cannot  infer  both  a  and  X.  However,  at  the  ex-day,  a  trader  observing  Pc,  Pe,  and 
Ee  can  infer  a  and  X.33  Hence,  Pg  given  by  equation  (10)  is  still  an  equilibrium  price. 

To  calculate  Pc,  we  make  the  following  simplification.  We  assume  that  the  standard  deviations 
of  the  idiosyncratic  shocks  a^^  and  Gg  are  very  large  compared  to  the  standard  deviations  of  the 

aggregate  shocks  a^  and  Gy  so  that  the  signal  a'  and  \q  are  not  informative.  In  particular  this  means 

that  agent  i  does  not  learn  about  the  distribution  of  tax  rates  by  looking  at  his  own  a'  .^'^  As  usual  we 
focus  on  linear  equilibria  where: 


1 


and 


Pe    =    P  +  Ee  -  afX/K  (10) 


Pc    =    Pc  +  R[(a  -  a)  -  (t)(X  -   X)]  (27) 


•'-^Of  course,  this  true  a  priori  on\y  for  the  Walrasian  equilibrium  prices  given  by  equations  (10)  and  (15).  We  will  see 
below  that  this  will  also  be  true  tor  the  rational  expectations  equilibrium  prices. 

■*This  assumption  is  equivalent  to  the  aggregate  supply  shock  assumption  and  Grossman  and  Stiglitz  ( 1981 )  among 
others.   It  can  be  relaxed  at  the  cost  of  very  tedious  calculations. 
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where  P^ ,  R,  and  0  are  three  constant  numbers  to  be  determined.   P°  is  the  unconditional  average 
cum  price,  while  R  and  R(t)  are  the  sensitivities  of  the  cum  price  to  tax  shocks  and  supply  shocks, 
respectively. 35  Observing  Pc  agent  i's  forecast  of  Pg,  i.e.  of  X  is  given  by: 


E[XIPJ   =   X  +  X[P^  -  PJ  with  I   = 


1  0   gy 

Rgq  +  <^^al 


while  the  forecast  error  X  is  given  by: 
I    =    Var  [XIPJ   = 


OpGy 


2  x2     2 

ap  +  (t)'a; 


Hence,  agent's  i  demand  on  the  cum  is  given  by: 

E[PelPJ  -  Pc  +  a'D 


^^  K  Var[PelPc] 

It  follows  that  the  equilibrium  price  at  the  cum  is  given  by: 

P,    =    E[PelPc]  +   «D  -  f  Var[PelPe] 
and,  therefore.  A,,  X-  Pc'  ^  ^^id  (])  must  satisfy  the  equations: 

P?   =   P  +  aD  -  ^[ol  +  a?  +  ^  I] 
is.  K. 


R    = 


(j)    = 


DK 


K 

-  Xaf 

1 
DK 

[gI  + 

K 

tl]. 


(28) 


(29) 


(30) 


(31) 
(32) 

(33) 


as  well  as  equation  (28)  and  (29).  It  follows  from  (33)  and  (29)  that  (|)  is  the  unique  solution  of  the 
equation: 


(j)   = 


1 


DK 


^2     ,      _4 

Og  +  a, 


,T-2^2 

apGy 


2  x2     2 


'P      ■      T    -y 

From  (28)  and  (32)  it  follows  that  R  is  given  by: 


(34) 


R   =    D  + 


(t)  a 


K    aj  +  <^W' 


(35) 


'P 


^^See  Grossman  and  Stiglitz  (1981)  for  a  similar  representation. 
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The  constant  X  is  greater  than  zero,  which  corresponds  to  the  case  of  financial  risk.  The  financial  risk 

Var[P,IPJ  -  a;  (36) 

is  positive,  increasing  in  the  dividend  amount  D  and  the  uncertainty  about  tax  rates  (  Oq)  and 

endowments  (Cy).  It  is  interesting  to  note  that  the  financial  risk  is  positive  even  if  the  fundamental  risk 
is  zero,  which  will  be  the  case  if  the  cum  and  the  ex  are  the  same  date.  This  conclusion  is  consistent 
with  the  no-arbitrage  approach  in  Heath  and  Jarrow  ( 1988). 

As  seen  in  equation  (31),  the  presence  of  financial  risk  creates  excess  return  around  the  ex-day 
and  causes  an  upward  bias  in  the  premium.  The  effect  on  volume  can  be  analyzed  by  combining 
equations  { 19a),  (30),  and  ( 10): 

V,    =   Ml  X-x|)  +  D(a'-a)  —^1  di 
2  0  var(Pe) 

It  follows  that  financial  risk  reduces  volume. 

VI. C     Discussion 

The  interaction  between  fundamental  and  financial  risk  generates  an  interesting  equilibrium  in 
an  extension  of  our  model  where  traders  choose  to  allocate  capital  between  different  ex-day  events. 
For  instance,  suppose  that  traders  have  to  pay  a  fixed  transaction  cost  to  trade  on  a  particular  event. 
From  our  analysis  in  section  n,  it  follows  that  traders  tend  to  flock  to  low-risk  stocks.  This  in  turn 
creates  financial  risk,  which  discourages  entry.  In  the  resulting  equilibrium,  the  total  risk  (fundamental 
risk  plus  financial  risk)  will  be  equated  across  events.  However,  volume  will  still  be  a  decreasing 
function  of  fundamental  risk  and  the  main  conclusion  of  section  II  will  hold. 

The  extended  model  presented  in  this  section  has  another,  potentially  important,  implication. 
Namely,  it  illustrates  the  possibility  that  part  of  the  observed  ex-dividend  day  premium  is  not  directly 
due  to  tax  preferences,  but  is  an  outcome  of  the  added  risk  involved  in  the  transaction.  Because  a 
knowledge  of  the  trading  population's  tax  rates  is  more  important  on  the  ex-dividend  day  than  on  any 
other  day,  the  uncertainty  about  this  variable  adds  to  the  risk  premium  investors  require.  In  fact, 
equations  (34)  and  (35)  give  us  the  factors  that  affect  this  added  risk  premium.  An  increase  in  the 
uncertainty  about  the  tax  rates  and  endowments  will  increase  the  expected  premium  and  decrease  the 
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trading  volume  on  the  ex-day.  In  other  words,  while  many  empirical  studies  show  that  the  excess 

return  is  higher  than  average  on  the  ex-dividend  day,  the  model  above  shows  that  not  all  of  this  excess 
return  may  be  directly  associated  with  differential  taxation,  but  rather  with  the  extra  risk  involved  in 
these  trades.  Future  empirical  research  on  this  topic  should  consider  the  possibility  that  the  ex- 
dividend  day  risk  is  higher  than  normal. ^6 

VII.    Summary  and  conclusion 

This  paper  explains  trading  volume  and  stock  price  behavior  around  the  ex-dividend  day  within 
an  equilibrium  model.  We  derive  the  ex-dividend  equilibrium  price  in  an  economy  of  N  traders  with 
diverse  tax  rates  on  dividend  and  capital  gains  income.  We  show  that  the  price  drop  relative  to  the 
dividend  amount  is  a  function  of  two  variables:  The  average  relative  tax  rate  of  dividend  and  capital 
gains  across  traders,  weighted  by  their  risk  tolerance;  and  the  total  risk  in  the  economy  relative  to  the 
total  risk-bearing  capacity.  We  conclude  that  even  in  a  world  without  transaction  costs,  the  premium 
does  not  represent  the  preference  of  any  one  particular  group.  We  show  that  the  premium  may  not 
equal  one  (the  marginal  rate  of  substitution  between  dividends  and  capital  gains  income  of  the  short- 
term  traders),  and  does  not  directly  reveal  the  marginal  tax  rate  of  any  other  trading  group.  The 
model's  results  enable  us  to  reconcile  the  two,  mutually  exclusive  arbitrage  restrictions  that  determine 
ex-day  pricing.  Namely,  by  the  corporate  traders  (which  results  in  an  arbitrage  restriction  of  a  price 
drop  of  1.36,  relative  to  the  dividend  paid),  and  the  short-term  traders  (which  results  in  an  arbitrage 
restriction  of  a  price  drop  of  1 .00,  relative  to  the  dividend  paid).  Because  of  the  risk  involved  in  the 
transaction,  no  traders  will  take  an  unlimited  position,  regardless  of  the  price  movement. 

The  dynamic  nature  of  the  model  allows  us  also  to  derive  some  volume  implications.  The 
trading  volume  around  the  day  of  dividend  distribution  is  found  to  be  positively  related  to  the 
heterogeneity  of  tax  rates  across  investors  and  to  the  dividend  size,  and  negatively  related  to  the 
variance  of  the  dividend-paying  security.  Using  the  information  contained  in  the  trading  volume 
around  the  ex-day,  it  is  possible  to  extract  information  about  the  motivation  and  composition  of  traders 


^^Given  the  variables  that  detemiine  the  financial  risk  (especially  uncertainty  about  taxes,  endowments,  and  risk 
aversion)  it  is  hard  to  envision  a  direct  estimation  of  this  risk  component.  As  the  model  predicts,  volume  of  trade  should 
decline  and  excess  return  should  increase  as  the  ex  day  risk  increases.  The  empiricists'  task,  however,  is  complicated  by 
the  fact  that  the  financial  risk  is  predicted  to  increase  with  the  amount  of  the  dividend  paid,  and  the  incentive  to  trade  also 
increases  with  the  dividend  amount. 
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in  the  market.  We  show  that  price  and  volume  statistics  can  be  used  to  infer  the  cross-sectional 

distribution  of  taxes  even  when  a  perfect  tax  clientele  does  not  exist. 

The  empirical  results  presented  in  this  paper  show  that  trading  volume  is  negatively  related  to 
the  risk  involved  in  the  transaction:  As  the  stock's  variance  increases,  the  abnormal  trading  volume  on 
the  ex-day  decreases.  We  also  demonstrate  the  effect  of  a  reduction  in  tax  heterogeneity  on  trading 
volume.  Using  the  1986  TRA,  which  reduces  the  degree  of  tax  heterogeneity  among  individual 
investors,  we  show  that  the  volume  of  trade  decreased  after  the  implementation  of  the  reform.  Both 
results  are  consistent  with  the  model's  predictions. 

We  extend  the  analysis  to  a  situation  where  both  fundamental  and  financial  risks  are  present. 
The  source  of  the  financial  risk  is  some  uncertainty  about  the  populations'  tax  rates  or  about  the 
aggregate  level  of  wealth  and  degree  of  risk  aversion.  The  added  risk  implies  an  ex-day  risk  premium 
that  is  not  directly  related  to  taxes,  and  lower  volume  of  trade.  The  additional  compensation  due  to  the 
additional  risk  on  the  ex-dividend  day  may  account  for  part  of  the  ex-day  excess  return.  The  model 
presented  here  can  be  used  as  a  guideline  for  future  work  that  tries  to  estimate  this  risk  component  and 
its  effect  on  price  and  volume. 

Lastly,  a  related  question  concerns  the  appropriate  risk  measures.  With  a  single  risky  asset  (as 
in  the  current  model),  the  answer  is  simple:  The  total  variance  is  the  appropriate  risk  measure.  In  a 
multi-asset  economy  it  may  be  that  only  beta  risk  is  priced  (like  the  CAPM),  but  both  the  idiosyncratic 
and  the  systematic  risk  affect  volume.  The  model  presented  can  only  point  out  the  potential  importance 
of  these  issues,  but  cannot  resolve  them. 


29 
Appendix 

Infering  tax  rates  distribution  from  prices  and  volume 

Equations  (lA)-(3 A)  link  the  price  and  volume  behavior  around  the  ex-dividend  day  to  the 
relevant  moments  of  the  tax  heterogeneity  distribution.  That  is,  given  the  distribution  of  a  and  the 
observed  realization  of  price  and  volume,  we  can  solve  for  the  relative  weights  of  the  different  trading 
groups.  This  feature  of  the  model  is  of  particular  interest,  since  it  enables  us  to  compute  the  marginal 
tax  rates  of  the  trading  groups  in  the  economy  even  when  a  perfect  tax  clientele  does  not  exist.  As 
shown  below,  the  volume  statistics  provide  us  with  valuable  information  about  the  second  moment  of 
the  tax  heterogeneity  distribution: 


a  =  K^a'^  +  Tt^a'  +  K^a^ 


a'^  -a 


M  =  7t 

1  =  7t^  +  7i' +  j:^ 


+  71 


a^  -a 


+  7t' 


a^-a 


(lA) 
(2A) 

(3A) 


Next  we  solve  the  system  of  equations  (1A)-(3A)  for  the  parameter  values  of  7t<^,  7t',  and  K^: 


Case  1:  a  >  a^ 

M 

TT   — 

2(0*^-06) 

a-a' 

71'^ 

a'^-a^ 

a^-a' 

k^=\-k'-k^ 

Case  2:  a  <  a^ 

,             M 

2(a-a') 

«-«' 

7C' 

a'-a"^ 

a^-a'^ 

7t     =  1  —  JC    —K 


(4A) 

(5A) 
(6A) 

(4A') 

(5A') 
(6A') 
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Table  1 


Model  predictive  values  of  volume  and  prices  as  a  function  of  the  weights  of  the  various 
trading  groups  in  the  market,  [eqs.  (22)  and  (23)].  k^.  kK  and  k^  are  probabilities  that  define  the  risk- 
adjusted  cross-sectional  distribution  of  relative  tax  rates  of  the  corporate  traders,  long-term  traders,  and 
arbitrageurs,  respectively. 


1 

T 

3 

4 

5 

6 

K^  =  0% 

K^  =  10% 

7C<:  =  20% 

K^  =  30% 

TC^  =  50% 

71'^  =  50% 

Til  =  90% 

71'  =  60% 

rt'  =  40% 

Tt'  =  30% 

7t'  =  30% 

7ll  =  10% 

K^  =  10% 

71^  =  30% 

;ia  =  40% 

Tta  =  40% 

n;a  =  20% 

K^  =  40% 

" 

0.66 

0.85 

0.99 

1.10 

1.25 

1.32 

Excess 

3% 

13% 

157c 

18% 

23% 

20% 

Volume 

Risk  Premium  =  0.0102 

D/P=  1% 

ac  =   1.724      a'  =  0.625      a^  =  1 
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Table  2 

Given  (i)  the  level  of  the  expected  premium,  i.e.,  given  the  level  of  the  average  preference  for 
dividends  vs.  capital  gains  (a),  and  (ii)  the  level  of  volume  table  2  calculates:  (i)  the  implied 

distribution  of  tax  preferences:  7r*^,  7i',  K^,  (ii)  the  degree  of  tax  heterogeneity  M  and  (iii)  the  extreme 

levels  of  volume  and  tax  heterogeneity  V"i'",  ymax^  m™"  and  M""^  compatible  with  a. 

Panel    A 


1 

2 

3 

4 

5 

6 

7 

Volume 

16% 

16% 

16% 

20% 

20% 

20% 

a 

1.10 

1.20 

1.25 

1.10 

1.20 

1.25 

n^ 

26% 

31% 

34% 

33% 

39% 

43% 

Tt' 

24% 

7% 

0% 

36% 

22% 

16% 

Tt^ 

50% 

62% 

66% 

31% 

39% 

41% 

M 

33% 

33% 

33% 

41% 

41% 

41% 

yTTiin 

8% 

14% 

16% 

8% 

14% 

16% 

ymax 

26% 

27% 

26% 

26% 

27% 

26% 

Minin 

17% 

29% 

33% 

17% 

29% 

33% 

Mmax 

54% 

55% 

54% 

54% 

55% 

54% 

Panel    B 


1 

2 

3 

4 

5 

6 

7 

Volume 

10% 

10% 

10% 

14% 

14% 

14% 

a 

0.80 

0.90 

0.95 

0.80 

0.90 

0.95 

rc^ 

3% 

5% 

9% 

15% 

13% 

16% 

TC' 

58% 

37% 

31% 

82% 

52% 

44% 

TT" 

39% 

58% 

59% 

4% 

35% 

40% 

M 

20% 

20% 

20% 

29% 

29% 

29% 

ymin 

9% 

7% 

4% 

9% 

7% 

4% 

ymax 

14% 

20% 

22% 

14% 

20% 

22% 

Mmin 

19% 

15% 

9% 

19% 

15% 

9% 

^maj. 

29% 

41% 

46% 

29% 

41% 

46% 

Panel    C 


1 

2 

3 

4 

5 

6 

7 

Volume 

0% 

0% 

0% 

24% 

14% 

27% 

fY. 

0.62 

1.72 

1.00 

1.00 

1.20 

1.20 

T^ 

0% 

100% 

0% 

34% 

28% 

52% 

Tl' 

100% 

0% 

0% 

66% 

0% 

48% 

Jt^ 

0% 

0% 

100% 

0% 

72% 

0% 

M 

0% 

0% 

0% 

49% 

29% 

55% 

ymin 

0% 

0% 

0% 

0% 

14% 

14% 

ymax 

0% 

0% 

24% 

24% 

27% 

27% 

[^mn 

0% 

0% 

0% 

0% 

29% 

33% 

Mmax 

0% 

0% 

49% 

49% 

55% 

54% 
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Table  3 

The  effect  of  dividend  yield  and  risk  on  ex-dividend 
day  trading  volume  and  stock  prices 


The  dependent  variables  are  the  ex-dividend  day  abnormal  volume  (first  row)  and  excess  return 
(second  row).  The  explanatory  variables  are  the  stock's  dividend  yield  (measured  as  the  dividend 
amount  over  the  cum-day  price),  and  the  stock's  variance  relative  to  the  market  variance  (both 
calculated  during  the  estimation  period).  The  variance  matrix  is  estimated  using  White's  ( 1980) 
procedure.  T-statistics  are  repwrted  in  parentheses. 


Dependent  \  ariable         Intercept 


D/Pi 


ai/a. 


m 


R^(%) 


N 


Abnormal  volume 


Excess  return 


0.36 
(7.173) 
0.0005 
(0.79) 


13,41 

(7.372) 

0.008 

(0.46) 


-0.12 

(-6.608) 

0.0004 

(1.58) 


0.07 


0.03 


14893 


14893 
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Table  4 

The  effect  of  risk  and  dividend  yield  on  abnormal  volume 


Mean  abnormal  volume  on  the  ex-dividend  days  for  a  sample  of  NYSE/AMEX  stocks  with 
an  ex-dividend  day  in  the  period  1984-1986.  The  sample  is  sorted  by  stocks'  dividend  yield  and 
idiosyncratic  variance,  and  then  divided  into  nine  subsamples  of  high,  medium,  and  low  yield  and 
variance.  Abnormal  volume  for  each  event  is  calculated  as  the  ex-day  turnover  minus  the  average 
turnover,  relative  to  the  average  turnover.  Mean  abnormal  volume  is  reported  for  each  subsample. 
T-statistics  appears  in  parenthesis  and  number  of  observations  are  in  brackets. 


Yield       { 


fLow 
I 
Medium 

High 
All 


Variance  tdf/c 


i) 


Low 

Medium 

High 

All 

8.28 
(1.97) 
[1220] 

5.36 
(1.21) 
[1577] 

2.45 
(0.86) 
[2167] 

4.81 
(2.24) 
[4964] 

17.94 
(3.72) 
[1425] 

9.34 
(1.73) 
[1808] 

10.89 
(1.26) 
[1721] 

12.35 
(3.21) 
[4964] 

68.25 
(12.89) 
[2319] 

21.52 
(4.43) 
[1579] 

6.12 
(1.34) 
[1067] 

40.03 
(12.92) 
[4965] 

37.07 
(12.19) 
[4964] 

11.93 
(4.16) 
[4964] 

6.18 
(L79) 
[4965] 

19.67 
(10.61) 
[14893] 
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Table  5 

Excess  return  and  abnormal  volume  around  the  ex-dividend  day 


The  table  presents  the  mean  excess  returns  and  abnormal  volume,  by  year,  for  the  penod  1984- 
1990;  the  7-year  period  surrounding  the  enactment  of  the  1986  TRA.  The  sample  contains  all  but  the 
highest  third  of  stocks  (in  terms  of  their  yield),  on  the  NYSE/AMEX.  For  each  stock  we  calculate  the 
market  model  parameter  in  the  80  days  surrounding  the  ex-dividend  day  (excluding  the  1 1  days  around 
the  event),  and  then  calculate  excess  return  as  the  stock's  actual  return  minus  its  predicted  return  for 
each  day.  For  each  stock  we  also  calculate  the  average  daily  turnover  in  the  80  days  around  the  ex- 
dividend  day,  and  then  calculate  abnormal  volume  as  the  daily  turnover  relative  to  the  average 
turnover. 


Year 

Exce 

ss  return 

Abnormal 

volume 

Mean  (%) 

t-stat 

Mean  (%) 

t-stat 

Pre 

f              1984 

0.208 

6.22 

12.03 

3.90 

1986 

TRA 

1985 

0.204 

7.12 

10.86 

2.30 

1986 

0.162 

5.17 

4.83 

2.22 

(transition 

1987 

0.090 

2.03 

7.63 

1.83 

year) 

Post 

1988 

0.159 

4.95 

2.71 

1.26 

1986 

1989 

0.120 

4.73 

5.18 

2.01 

TRA 

1990 

0.105 

3.57 

3.16 

1.14 
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Table  6 

Excess  return  and  abnormal  volume  before  and  after  the  1986  TRA 

The  table  compares  the  level  of  ex-dividend  day  mean  excess  returns  and  mean  abnormal 
volume  in  the  three  years  before,  and  the  three  years  after,  the  enactment  of  the  1986  TRA.  The 
sample  contains  the  bottom  2/3  of  stocks  in  terms  of  their  yield. 


Excess  return Abnormal  volume 

Mean  (%) t-stat Mean  (%) t-stat 

Pre-1986TRA  0.191  10.60  9.17  4.59 

(1984-1986) 


Post  1986  TRA  0.128  7.07  3.72  2.72 

(1988-1990) 
Pre-Post  0.06  2.53^  5.45  2.25^ 


'  Test  whether  the  means  are  different  from  each  other  under  the  assumption  of  an  unequal  variance. 
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